Summary. The development and sequence of eruption of the maxillary cheek-teeth of rabbits were studied by histological methods.
The development of deciduous and permanent cheek-dentition was studied by OWEN (1845), GLASSTONE (1938) , LISTGARTEN and KAMIN (1969) and HOROWITZ et al. (1973) . However, a complete report on the development and eruption sequence of all rabbit cheek-teeth has never been presented.
The purpose of our work is to supply this information as a basis for future in this field.
Material and Methods
Use was made of 128 young rabbits Oryctolagus cuniculus (Giant of Flandres) of both sexes, with ages from 1 to 32 postnatal days. The animals were divided according to their age in days into 32 groups of 4 rabbits. The members of each group were obtained from different litters, discarding the animals which did not follow the mean body development of the litter. These litters were selected from the second pregnancy of females showing more stability to procreation.
Only one copulation was permitted, with subsequent isolation of the female, to avoid the possibility of double fecundation (HAFEZ, 1970) .
The animals were sacrificed by decapitation after anesthesia with ethyl ether inhalation.
The heads were sectioned on the median plane and after rapid immersion ing to CONN et al. (1965) . After fixation the halved-heads were demineralized in sodium citrate-formic acid, according to EVANS and KRAJIAN (1930) , for 30-45 days and then washed in running water for about 15hrs.
The maxillae were dissected out and reduced and then rouwith hematoxylin-eosin and Masson's trichrome, according to CONN et al. (1965) . For recording the observations we used the dental notation of PAGANO (1965) : m2, m3, m4 for deciduous cheek-teeth and P2, p3, P4, M1, M2, M3 for the permanents, where m and M are molars and P premolars.
The classic developmental stages of the dental germ were considered: bud, cap, bell and the beginning of dentinogenesis, amelogenesis and cementogenesis, as well as the beginning of root resorption.
The teeth were considered erupted when a minimal portion of a cusp had perforated the buccal epithelium.
Results

Animals of 1 day
At this age all the cheek-teeth are already inside the maxilla.
The m2, m3 and m4 are well developed and growing towards eruption (Fig. 1) . In sagital sections these teeth show two cusps, mesial and distal, separated by the developmental groove which is completely filled with cement in the erupted tooth. Enamel surrounds the dentin except in the apical area where it is replaced by cement. The roots are of the closed type, limited growth, and by this time are already completely formed.
In the m3 and m4, cement is present in the developmental grooves and on the roots. In the M1 and M2, two high cusps, mesial and distal, can also be observed in sagital sections, with developmental grooves in all its extention.
They show large pulp cavities, intense vascularization and large apical openings.
A layer of dentin can be observed, which is larger near the cusp vertex, reduced in thickness in the apical direction and interrupted near the root openings.
The In the places where larger amounts of organic matrix are formed we can see the union of the external with the internal enamel epithelia, while near the apical ends of the roots they are still separated by the stellate reticulum. The surrounding dental sac is represented by a fibrous connective tissue not so evident in the occlusal areas. In the M1 cement is already present within the developmental groove. The alveolar bone surrounding all these teeth is reabsorbed and newly formed, whereas in the occlusal regions resorption predominates.
The M3, situated distally and occlusally to the M2, is in the buds stage, with increased cellular population of the dental papilla near the internal enamel epithelium and still connected to the buccal epithelium through a long dental lamina (Fig. 2) . The P2, P3 and P4 are in the bell stage, having initiated the cuspal pattern and the delineation of the amelodentinal junction (Fig. 3) . Proliferation of the cells of the dental papilla can be noted. The internal enamel epithelium is represented by a layer of columnar cells where the nuclei are randomly placed at various levels. The stellate reticulum has a loose appearance with large intercellular spaces. Some layers of flattened cells between the internal enamel epithelium and the stellate reticulum mark the presence of the stratum intermedium.
The external enamel epithelium is shown as a thin ribbon with two or three layers of flattened cells. The dental lamina is still present although not evident. The dental sac is well delineated and formed by fibroblasts and some layers of collagenous fibers surrounding the dental germ with which it maintains close relationship.
Outside the dental sac a thin bone trabecule is seen between the germ and its deciduous predecessors.
Animals of 2 days
In the m2, m3, m4, M1 and M2 the developmental process described for the first day is more evident. The M3 is in a transitional stage between bud and cap, showing invagination of the internal enamel epithelium and growth of the dental papilla. The P2, P3 and P4, still in the bell stage, show a still more accentuated development. High vascularization of the dental papilla is evident, as well as the limits of the dental sac. The stratum intermedium is present and there is a marked expansion of the stellate reticulum.
In the P3 and P4 the cells of the dental papilla close to the internal enamel epithelium differentiate into odontoblasts.
Animals of 3 days
Although cheek-tooth has not erupted yet in the maxilla, the m2, m3, m4, M1 and M2 are near eruption and are well developed, with a beginning of cementogenesis in the m2 (Fig. 4) . Intense vascularization is observed within the pulp of these teeth as well as mineralization of predentin and organci enamel matrix.
The germ of M3 is observed in the cap stage with development of the dental papilla (Fig. 5) . The internal and external enamel epithelia are represented by cuboid cells arranged in a few layers with irregularly disposed nuclei. A narrow concavity is observed in the internal enamel epithelium in relation to the dental papilla. The stellate reticulum shows irregular cells with small intercellular spaces. The dental lamina is present and the dental sac, which is continuous with the dental papilla, is surrounded by mesenchymal tissue of poor cellular population.
The P2 is in the bell stage with ameloblasts and odontoblasts well differentiated.
In the P3, the enamel cord, the expansion of the stellate reticulum, the differentiation of ameloblasts and the formation of predentin are observed, thus characterizing the beginning of dentinogenesis. The same aspects are observed in the P4 (Fig. 6) The m3 has erupted in three animals of 5 days and in one of them root resorption is already observed. In the m4, root resorption is visualized in all four animals although they have not erupted yet.
At this age cement also occurs on the enamel of the surfaces. The m2, M1 and M2 continue their growth being near eruption. The M3 begins the bell stage and dentinogenesis continues in the P2 and is still more accentuated in the P3, while in the P4 amelogenesis has already begun.
At 6 days the m3 has erupted in two young rabbits and the m4 in only one. Root resorption at this age is present in the m3 and m4 of three animals, coinciding with eruption in only one case. The M2 continues its development with the presence of enamel, dentin and now also of cement. The M3 continues in the bell stage. In the P2 dentinogenesis is observed, while the P3 and P4 are beginning amelogenesis, which is more advanced in the latter.
In three animals of 7 days the m3 has erupted and in two, the m4. From this age on, root resorption is constant for the m3 and m4, as well as for the m2, still unerupted in one animal.
Cementogenesis is present in the proximal surfaces of the m2, in one animal. The other cheek-teeth continue their development in the same stages of the anterior age with exception of the P2 which presents formation of the organic enamel matrix, thus beginning amelogenesis. At 8 days the m3 has erupted in four animals and the m4 in three.
Root resorption of these teeth occurs in all the animals. The M1 and M2 continue their growth, already near the buccal epithelium.
In the M3 the bell stage remains with the odontoblasts more lengthened showing basophilic cytoplasm and characterizing the beginning of dentinogenesis.
In the premolars amelogenesis is accentuated.
At 9 days the m3 has erupted in all the animals. The m4 has erupted in three and M1 in one. Root resorption is observed in the m2, still unerupted in two animals. Cementogenesis also occurs on their proximal surfaces.
In the M3, beginning of predentin deposition is evident. Growth is quite advanced also in the other unerupted teeth.
Animals from 10 to 15 days
The m3 and m4 have erupted in all the animals of 10 days. The M1 erupts in three and the m2 in two.
The M2 is near eruption. The M3 is observed in the stage of dentinogenesis with the presence of dentin surrounding the pulp cavity. The P2, P3 and P4 continue their growth with root openings. In the P3 and P4 cementogenesis is observed within the developmental grooves. Their deciduous predecessors already present considerable root resorption.
At 11 days the m3 and M1 have erupted in two young rabbits and the m4 in three. The M3 continues in the stage of dentinogenesis. The development is accentuated in all teeth, although new stages do not occur as compared with the 10 days age.
At 12 days the m3, m4 and M1 have erupted in all three animals. Root resorption occurs in these deciduous teeth in three animals.
All the teeth continue their growth, the m2 and M2 being close to the buccal epithelium. In the M3, dentinogenesis is taking place.
At 13 days the m3, m4 and M1 have erupted in all the young rabbits and the m2 in two. Root resorption is now observed in all the deciduous molars. Cement arises on the enamel of the proximal surfaces of the M2. The M3 is in the stage of dentinogenesis.
The other teeth continue their growth, with the presence of cement in the developmental groove of the P2.
The m2, m3, m4 and Ml have erupted in all the animals of 14 days. The development at this day is similar to that of 13 days.
At 15 days the m2 has erupted in three animals. The m3, m4 and M1 have erupted in all the animals and the M2 in one. Formation of the organic matrix of enamel begins in the M3 (Fig. 7) .
Animals from 16 to 25 days From 16 to 23 days the m2, m3, m4, M1 and M2 have erupted in the maxilla of all the young rabbits (Fig. 8) . At 17 days enamel is observed in the M3. At 18 days cement is present in its developmental groove. In this period cement is deposited over the enamel of the proximal surfaces of the M1, M2, M3, P3 and P4.
At 24 days the m3 and m4 exfoliate in two animals being followed by the P3 and p4, respectively.
At 25 days the deciduous molars and the M1 and M2 have erupted in all the animals.
Animals from 26 to 32 days
In the young rabbits of 26 days the P3 and P4 replace the m3 and m4 which have exfoliated.
In all the animals of this age the m2, M1 and M2 have erupted. The M3
is growing towards eruption.
At 27 days the m4 exfoliates in one animal and is replaced by the P4. In the other animals the aspect of eruption is similar to that observed at 23 days. At 29 days the P3 and P4 have erupted in three and four young rabbits respectively, in the place of the m3 and m4 which have exfoliated.
The m2 is still present and the M3 has not erupted yet.
At 30 days the m2, m3 and m4 have exfoliated in two young rabbits being replaced by the P2, P3 and P4. The M3 is near eruption.
The M1 and M2 have erupted in all the animals.
At 31 days the m2 has exfoliated in three animals and the m3 and m4 all, being replaced by their successor premolars.
The M1 and M2 have erupted in all the animals and the M3 in only one.
At 32 days the premolars have erupted in all the animals. The cheek permanent maxillary arcade is now complete (Fig. 9) .
Generally speaking, the periods of duration of bud, cap and bell stages and the beginning of dentinogenesis, amelogenesis, cementogenesis and root resorption are shown in Table 1 . Table 2 presents the number of animals of the groups, according Fig. 10 . Intervals of eruption of maxillary cheek-teeth of rabbits. Fig. 11 . Periods of permanence of erupted maxillary deciduous cheekteeth of rabbits, according to age.
Period
of Permanence to age, in which each deciduous and permanent cheek-tooth erupts. Figure 10 presents the periods of eruption of the deciduous and permanent cheek-teeth, considering the first and the last day these teeth erupt in one and in all the animals of each group, respectively. Figure 11 shows the periods of permanence of the deciduous maxillary cheek-teeth in the buccal cavity as well as their periods of exfoliation.
Discussion
As well as ROUSSEAU (1839), OWEN (1845), CARADONNA (1909) , LESBRE (1922) , WIDDOWSON (1952) , GRASSE and DEKEYSER (1955) , PAGANO (1965) , MAYER (1969) , LISTGARTEN and KAMIN (1969) and HIRSCHFELD et al. (1973) we have observed the presence of three deciduous maxillary molars for the hemi-arcade.
As to the number of permanent maxillary cheek-teeth of rabbits, our observations were similar to those of OWEN (1845), ABBOT (1887) , DEWEY (1907 ), CARADONNA (1909 ), TOMES (1914 ), LESBRE (1922 , WIDDOWSON (1952) , GRASSE and DEKEYSER (1955) , PAGANO (1965) , MILES and POOLE (1967), PEYER (1968) , MAYER (1969 ), LISTGARTEN and KAMIN (1969 ), CRAIGIE (1970 , VIEIRA (1971 ), ORR (1971 , APRILE et al. (1971) and HIRSCHFELD et al. (1973) . We also agree with the denomination of premolars to the three first cheek-teeth of the maxilla, suggested by ROUSSEAU (1839), OWEN (1845), DEWEY (1907 ), CARADONNA (1909 , TOMES (1914) , WIDDOWSON (1952) , GRASSE and DEKEYSER (1955) , PAGANO (1965) , EHRMAN (1967), PEYER (1968) , MAYER (1969) , LISTGARTEN and KAMIN (1969), CRAIGIE (1970) , VIEIRA (1971) and APRILE et al. (1971) since, as it occurs in human dentition, these teeth are the successors of the correspondent deciduous molars.
We agree with the observations of DEWEY (1907 ), CARADONNA (1909 , GRASSE and DEKEYSER (1955) and LISTGARTEN and KAMIN (1969) in that the deciduous molars are of limited growth showing small roots with a closed apex and that the premolars and permanent molars are, on the contrary, of continuous growth and with roots of an open apex.
The affirmation of OWEN (1845) that the succession of the deciduous molars by the premolars occur after the eruption of the first and second permanent molars has also been confirmed. In relation to the third permanent molars of the maxilla, however, we have observed that eruption does not occur simultaneously with their eruption but soon after, as shown in Figure 10 . The period of eruption of the deciduous cheek-teeth, reported by CARADONNA (1909) as occurring some days after birth, and by LESBRE (1922) as already present at birth, was observed by us 4 days after birth. HOROWITZ et al. (1973) have observed the eruption period of the deciduous cheekteeth to occur from 25 days in utero to 16 days after birth. Our observations were discordant with these authors but coherent with LISTGARTEN and KAMIN (1969) according to whom eruption of the deciduous cheek-teeth occurs at 4 or 5 days postnatally. Our observations were similar as to the beginning of eruption at 4 days, but we have found that it is distributed in larger periods, reaching up to 16 days, as it occurs with the m2. As to the period of root resorption of the deciduous cheek-teeth, HOROWITZ et al. (1973) referred to 7 days for the m4, stating that at 16 days it would already be quite advanced in all the deciduous molars. We have observed that at 4 days root resorption already occurs in the m3, and in the m4 it is beginning, but in the m2, not until 7 days. In some cases we have observed that resorption occurs even somewhat before eruption.
ROUSSEAU (1839) observed the exfoliation of all the deciduous cheek-teeth to occur at 18 days. LISTGARTEN and KAMIN (1969) reported it around 28 days. According to HOROWITZ et al. (1973) the m3 and m4 exfoliate between 26 and 30 days and the m2 at 35 days. We have observed that the exfoliation of the m3 and m4 occurs from 24 to 31 days and that of the m2 from 30 to 32 days. Our findings are similar to those authors.
Although those authors who observed exfoliation of deciduous cheek-teeth at 18 days have not stated it, it is supposed that the succeeding premolars erupt soon after. LESSRE (1922) observed that the premolars succeed the deciduous molars at 18 days when the permanent molars are already present in the buccal cavity. LISTGARTEN and KAMIN (1969) observed that exfoliation occurred at aproximately 28 days. Thus the premolars should erupt at that time. In Figure 10 and Table 2 it can be observed that at 32 days the maxillary permanent cheek-arcade is completed, with eruption of the P2 and M3.
For approximately one week, from the 16th day on, the maxillary arcade of the young rabbits remain with mixed dentition (m2, m3, m4, M1, M2) without occurrence of new eruptions.
Our observations concerning the development are synthetized in Table 1 which shows that at the first day the deciduous molars are already undergoing cementogenesis, except the m2 which reaches this stage only at 3 days. We agree with LISTGARTEN and KAMIN (1969) who refer to the beginning of cementogenesis in the m3 and m4 in the animal at birth (a few hours of postnatal life). These authors do not refer to the m2.
At birth, the first and second permanent molars present a more or less uniform development, being in the stage of amelogenesis.
The same rate of development observed for the deciduous molars occurs for the premolars.
Since the first day, we have observed absence of bone trabeculla between the germs of these teeth and those of their deciduous predecessors, as referred by CARADONNA (1909) . The premolars are observed to be in the bell stage, commencing cementogenesis from 10 to 13 days. The cement observed on the roots of deciduous cheek-teeth extends on their proximal surfaces, over dentin or enamel and continues on the occlusal surface with the cement of the developmental grooves.
